Over-based sulfurized calcium phenates containing from 150 to 800% of the theoretical amount of calcium were prepared from p-octylphenol, calcium oxide, elemental sulfur, ethylene glycol, carbon dioxide, lauryl alcohol and oil, and their IR spectra were studied in connection with their molecular structures.
Introduction
This paper deals with IR spectra of a group of oil-soluble overbased sulfurized calcium phenates1), containing from 150 to 800% of the theoretical amount of calcium, prepared from p-octylphenol (POP), elemental sulfur (S), calcium oxide (CaO), ethylene glycol (EG), carbon dioxide (CO2), lauryl alcohol (LA) and diluent oil (OIL) as starting materials.
In the previous paper2) of this series, dealing with the ebullioscopic behavior and composition of the phenates, it has been revealed that the phenates were a group of amphipathic polymers or mixed-homologs, composed of calcium and four ligand components POP, S, CO2 and EG in certain proportions, and took a quite different structure from the models3),4) proposed previously for the over-based phenates.
However, the above macroscopic results on the structure and composition are not sufficient to give a clear understanding of the mechanism of formation and properties of the unique oil-soluble complexes.
For this reason, in this work, six samples of 1.5 to 8.0 BEQ products (over-based sulfurized calcium phenates) have been prepared1), and their IR spectra have been investigated relating to the above macroscopic results. IR spectra of the intermediate and the product prepared under somewhat different conditions have been also investigated.
In the above, 1.5 BEQ product, for example, means an over-based sulfurized calcium phenate prepared by blending 1.5 equivalents of CaO per equivalent of POP. This BEQ is nearly equal to PEQ, i. e., the number of equivalents of calcium per equivalent of ligand component POP in the product2). shows IR spectrum of the 3.0 BEQ product as a typical example. However, it is also observed that relative intensities of the bands in their spectra change with increase of BEQ. This change is clearly recognized among the bands especially in the fingerprint-region.
Thus, Fig. 2 and Table 3 , two characteristic bands at In addition, the spectrum of diluent-oil (OIL) shows no significant bands except one very weak band at 728cm-1 in the region from 1,375 to 600cm-1.
Discussion
The good agreement with regard to the numbers and frequencies of the bands and the increase in the ratio of the intensities of B group bands to those of A group bands with increase of BEQ in IR spectra of the products give good evidence that, firstly, the common structure units constitute the active ingredients and, secondly, the proportion of specific components corresponding to the B group bands in the active ingredient increases relatively with increase of BEQ.
On the other hand, the previous work2) on their composition has revealed that the active ingredients in this series are the mixed-homologs consisting of calcium and four ligand components POP, S, EG and C02; and, in the active ingredients, the proportion of the two ligand components EG and CO2 to the two ligand components POP and S increases relatively with increase of BEQ.
Therefore, from a comparison of these results, it is sufficiently understandable that the above specific components are identical with the two ligand components EG and CO2, and conse- 1,176vs, 1,127w, 1,103w, 1,013w , 979vw, 920vw, 832vs, 817m, 807sh, 750vw and 730vw in cm-1. From this, three strong bands at 1,243, 1,176 and 832cm-1 are recognized. In these bands, two bands at 1,243 and 1,176cm-1 are due to the CO stretching vibration and OH deformation vibration, and the latter band possesses the strongest OH characteristics). While, the 832cm-1 band is well known to be due to the out-of-plane deformation vibration of the two hydrogen atoms remaining on the aromatic ring.
By comparison, thus, it is obvious that 1,243 cm-1 and 832cm-1 bands are observed in the spectrum of POP and the A group bands, but the 1,176cm-1 band of POP and the 758 cm-1 band of A group disappear from the A group bands and from the spectrum of POP, respectively. However, the medium band corresponding to the 758cm-1 band is found in the spectrum of p-octylphenol monosulfide.
Therefore, the A group bands are thought to describe that one of the structure units in the active ingredient is a p-octylphenolate derivative containing perhaps the C-S bond.
But some problems may still exist in the expectation that 758cm-1 band stems from the stretching vibration of the C-S bond, since the band due to the bond generally appears in the region from 700 to 600cm-1.
Bands of B Group
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The features of the skelton of over-based part need be more concretely defined for tentative assignment of the complex bands of B group.
In the above phenate preparation process, it was first observed that CaO in a suspension of CaO, S, POP and LA dissolved only after EG was added to it and generated water. This suggests that ligand component EG exists in a form of ethylene glyoxide in the distillation residue (II) obtained from the reaction mixture (I). This suggestion is also supported by the spectra of the final products indicating practically a complete absence of free OH group of EG. In addition it has been confirmed that the amount of CO2 reacting with the residue (II) is proportional to that of ligand component EG in the residue (II). It is well known that while CO2 can react with an alcoholate it cannot with an alkaline earth metal phenoxide. These results and information suggest the species reacting with CO2 is ethylene glyoxide. This is also supported by another fact that no calcium carbonate precipitates substantially from this reaction mixture the active ingredient is observed in the 1, 2-dichloroethane solution2).
Therefore, more concretely, it may be expressed that the skelton consists of calcium ethylene glyoxide carbonate units.
Consequently, the spectra of the -OCH2CH2O-and -COO-groups were examined for tentative assignment of the seven B group bands at 1,365, 1,345, 1,325, 1,305, 1,075, 1,015 and 860cm-1.
The assignment of the -OCH2CH2O-group bands have been studied in detail by H. Matsuura et al. On the other hand, it is known concerning the bands of the carboxylate ion -COO-that one strong band due to the symmetrical vibration generally appears at the region 1,400 to 1,300 cm-1. For example, this band appears in the case of HCOONa, CH3COONa8a) or CH3OCOONa12) at 1,366, 1,414, or 1,375cm-1 , respectively, and it shifts to a lower frequency region9) when the sodium of these salts is substituted by calcium.
Except the lack of three bands at 1,249, 991 and 947cm-1 in the B group bands, general agreement is obtained between the B group bands and the bands due to the -OCH2CH2O-and -COO-groups . It is quite natural for the lack of 1,249 and 991cm-1 bands which is attributable only to the difficulties in distinguishing the two in the spectra of the products, i. e., in the former band, because of the coupling with the rather strong 1,249cm-1 band of A group and, in the latter band, because of the weak intensity. Nevertheless the B group bands seem to lack the 947cm-1 band. However, as is evident from the following discussions, the lack of the 947cm-1 band gives rather an interesting information relating to the conformation of the active ingredient and does not mean nonexistence of the -OCH2-CH2O-group in the active ingredient.
In conclusion, it can be said that interpretation based on the spectra supports the skelton to be composed of calcium ethylene glyoxide carbonate units.
Conformation
Above discussions suggest that some differences exist between the -OCH2CH2O-group in the active ingredient and that in polyethylene glycol (Carbowax 6000) in the liquid state.
On the other hand, many studies7),10),11) on the conformation of the polyethylene glycol molecules have made it almost clear that when the -OCH2CH2O-group takes the gauche configuration with respect to the C-C bond, two CH2 rocking mode bands are observed at 960 and 844cm-1 in the region from 1,000 to 800cm-1, and when the -OCH2CH2O-group takes the trans configuration, only one CH2 rocking mode band is observed at 886cm-1 in the same region. And, it has been pointed out that, to some extent, the -OCH2CH2O-repeating units in polyethylene glycol in the liquid state take the gauche configuration'. A similar information8b) has been obtained with some ethane derivatives X-CH2CH2-X (X =halogen, -SCH3 , -NH,, -SCN, or -CN). Thus, when they take the trans configuration , the bands due to the CH2 rocking mode are observed in the region from 970 to 900cm-1 , and when they take the gauche configuration, no band due to the CH2 rocking mode appears in the same region .
Therefore, it may be concluded that the lack of the 947cm-1 band in the active ingredient is based on the -OCH2CH2O-group of the skelton substantially taking the trans configuration with respect to the C-C bond.
Furthermore, in addition to this conclusion, spectra of intermediates give an interesting information with regard to the reaction mechanism. Thus, both of the spectra of 5.0 BEQ intermediate (II) and 5.0 BEQ product prepared by low temperature CO2 treatment method, as indicated in Fig. 3 and in Fig. 4 , respectively, show a doublet in the region from 990 to 940cm-1 and a band in the region from 880 to 860cm-1. Consequently, it can be indicated that both of them contain the -OCH2CH2O-group of the gauche configuration.
Therefore, it can be also interpreted that the skelton of overbased part in the products is formed as follows, Thus, the ligand component EG is present as a chelating group at the step of the intermediate (II), and it changes to a part of the bridging group only after the reaction product of the intermediate (II) and CO2 is heated at about These conclusions are important for understanding sufficiently the fact that the active ingredient in this series is a polymer, and the oilsolubility properties of the active ingredient improve especially after the CO2-treatment step-5 Conclusions This study on the IR spectra of the over-based sulfurized calcium phenates containing from 150 to 800% of the theoretical amount of calcium prepared from POP, S, CaO, EG, CO2 LA and OIL as starting materials leads to the following conclusions.
1) Spectra of the products are very similar to one another with regard to the numbers and frequencies of the bands. This shows that their active ingredients are composed of the common structure units.
2) However, it is also observed that the relative intensities of eight bands (B group bands) to those of the other three bands (A group bands) in the fingerprint-region are increased with increase of BEQ.
3) The three A group bands are due to the structure units consisting of calcium and two ligand components POP and S. Seven B group bands are attributable to the structure units consisting of calcium and two ligand components EG and CO2
4) The skelton of over-based part in the active ingredient will be composed of calcium ethylene glyoxide carbonate units in which the -OCH2CH2O-group takes the trans configuration with respect to the C-C bond.
5) Configuration of the -OCH2CH2O-group changes from the gauche form to the trans form with respect to the C-C bond at the CO2 treatment step.
